Abstract. In recent years, the concept of physical preseparation of single atoms was introduced into the field of transactinide chemistry. In this approach, the transactinide element of interest is isolated in a physical recoil separator and then extracted from this machine. The beam as well as the unwanted reaction products are strongly suppressed, allowing for the investigation of new chemical systems that were not accessible before. The most important aspects of the technique are discussed and the advantages for chemistry experiments with transactinides are presented, using some of the chemical studies that were performed with preseparated isotopes as examples. 
Introduction
The chemical study of the transactinide (TAN) elements [1,2] is a challenging field of research as the maximum production rates are of the order of a few atoms per hour, day, or even week and the lifetimes of even the longest-lived isotopes are of the order of a few tens of seconds at most. Nevertheless, experimentalists have reached hassium (Hs, element 108) [3, 4] and are currently tackling the chemistry of element 112 [5, 6] . Elements up to Hs were shown to generally behave in accordance with their expected position in the periodic table of the elements. Looking at the full body of data available on the transactinide elements [1, 2] obtained in both, the gas and the aqueous phase, it becomes clear that a very limited set of chemical systems has been investigated so far, compared to any of the lighter elements, where hundreds or thousands of compounds are known for almost all elements. Aside from the difficulties inherent to such studies, as the short half-lives and the small production rates, also technical problems have prevented more advanced studies. In order to understand this, two common techniques that were used in most of the past transactinide experiments will briefly be described before preseparation, a new method, is introduced.
Aerosol particle gas-jet
In this technique [7] [8] [9] , the nuclear reaction products are thermalized in a gas-filled volume located directly behind a e-mail: c.e.duellmann@gsi.de the target, the recoil-chamber. Not only the transactinide element of interest but also the majority of unwanted products such as transfer products or products of the interaction of the beam with the target assembly or impurities in the target is thermalized in this volume. Furthermore, the intense heavy-ion beam produces a plasma in the recoil chamber. The recoil chamber is flushed with rapidly flowing gas, usually He, which is enriched with 10 6 -10 7 aerosol particles/cm 3 (usually KCl, MoO 3 , or C). Non-volatile thermalized reaction products attach to the surface of these particles which are transported with the gas flow at high velocities with high yields, thus enabling efficient transport of the elements of interest (but also of unwanted reaction products) to a chemistry setup located outside the irradiation cave.
Transport in the form of a volatile species without aerosol particles
In this approach [10] , which was successfully used, e.g., in the chemical investigation of Hs in the form of HsO 4 [3,4], a highly volatile species is formed in-situ in the recoil chamber and transported to the chemistry setup in this form. This technique is expected to be suitable and highly efficient for the presumably very volatile p elements 112 and 114 [11, 12] as tests with Hg and Rn showed [5, 6] .
Both approaches have inherent disadvantages as far as the chemical investigation of TAN elements is concerned: in the first approach, there is no selectivity between desired and unwanted reaction products and a chemical system with a high separation factor for the element of interest is needed in order to allow for its unambiguous identification. This selectivity has to be favored over any other property, thus severely limiting the number of available chemical systems. It is also well-known that the yield of aerosol gas-jets drops dramatically as the beam intensity reaches high levels due to the destruction of the aerosol particles in the plasma present in the recoil chamber. Both approaches, additionally, involve very violent conditions with respect to, e.g., the investigation of nonthermally stable compounds such as organometallic ones: in the first approach, high temperatures (∼1000
• C) are required for the destruction of the aerosol particles which then releases the transported atoms and allows their conversion into volatile species. In the second approach, a plasma is present in the recoil chamber as described earlier. Thus, neither of these techniques are particularly well suited to study such chemical systems.
The method of physical preseparation
Physical preseparation has been pioneered at Lawrence Berkeley National Laboratory (LBNL) [13] [14] [15] using the Berkeley Gas-filled Separator (BGS) [16] as a preseparator. The method can be described as follows: the desired nuclear species are produced in a heavy-ion-induced fusion reaction and separated from the beam and the majority of the unwanted nuclear reaction products in a physical recoil separator. At its exit, they are extracted from the separator and thermalized, e.g., in a gas-filled volume which is referred to as the Recoil Transfer Chamber (RTC) [17] . A schematic of the setup used at LBNL is depicted in Figure 1 .
At the GSI in Darmstadt, Germany, a new gas-filled separator, the TransActinide Separator and Chemistry Apparatus (TASCA) [18] has recently been constructed and entered the commissioning phase in the spring of 2006. One of the main foreseen applications is its use as a preseparator for chemical studies and all aspects of the system were optimized with respect to this field of research. Other laboratories are currently in the process to upgrade existing physical recoil separators to preseparators, e.g., the group at RIKEN [19] which is operating the GAs-filled Recoil Ion Separator (GARIS) [20] .
Aspects of preseparation
In order to perform experiments with preseparated isotopes, there are a number of aspects that need to be considered beforehand. Some of the pertinent ones will be discussed in the following, concentrating on the specific features of TASCA.
Beam/target combination
Most of the current generation setups for the chemical investigation of transactinides require isotopes with lifetimes of at least a few seconds [1, 2] . The lifetimes of even the longest lived isotopes are often comparable to the time that the chemical procedure requires. Therefore, the longer the lifetime, the higher is the yield and thus the higher the rate of detected atoms, showing clearly that studies with the longest-lived available isotopes are highly desirable. These are only accessible in relatively asymmetric reactions with light beams with masses in the range of about 20-30 amu and actinide targets. In experiments with preseparation, there is an additional constraint that is absent in studies with more conventional techniques. As the species traveling through the preseparator need to penetrate an interface called the RTC window, which is separating two pressure regimes with a pressure difference of about 1-2 bar, the kinetic energy of these species needs to be relatively high. The exact threshold depends on the design of the interface and the preseparated species. Current setups use thin Mylar foils of 3.3 µm thickness [15] , necessitating highest possible kinetic energies of the reaction products and most likely the development of new interfaces with thinner windows. The lightest target, i.e., the target that can be combined with the highest mass projectile and thus leads to the most energetic recoils, which allows production of the relatively long- 
Configuration of preseparators
In this article, TASCA [18] is used as a model to present the important aspects of preseparation. It is worth mentioning here that preseparators do not necessarily have to be of the gas-filled type. Also, not all preseparators employ the same magnetic configuration. The BGS [16] , for example, employs the magnetic configuration QD h D where D and Q denote dipole and quadrupole magnets, respectively. The second magnet is a gradient-field dipole magnet with a horizontally focusing component as indicated by the index. The TASCA device on the other hand employs the magnetic configuration DQQ [23] . To get maximum possible transmission values for TASCA, new vacuum chambers were constructed. As a special feature, the
